oninvasive evaluation of left ventricular (LV) diastolic filling pressure is important in decision making for patients with potential congestive heart failure. Transmitral flow velocity by Doppler echocardiography enables evaluation of LV function and filling pressure, 1-5 but patients with good hemodynamics and significant congestion can occasionally reveal a similar mitral flow velocity pattern, normal and pseudonormal /restrictive mitral flow both characterized by a relatively large early to late diastolic mitral flow velocity ratio (E/A). 6 This confusing similar mitral flow velocity pattern, but with different hemodynamics, makes noninvasive clinical decisionmaking difficult.
outflow tract velocities were recorded from the apical long axis view, placing the sample volume in the center of the aortic annulus. All images were recorded on VHS videotapes for later playback and analysis. Echocardiographic measurements were made on an off-line analysis station by an independent observer who had no knowledge of the clinical or hemodynamic findings. LV end-diastolic and end-systolic volumes were measured using the apical biplane Simpson's method. 12 Left atrial dimension was measured from the M-mode echocardiogram. Mitral flow peak E and A velocities, and E/A were measured by pulsed wave Doppler echocardiography. Deceleration time was also measured from the peak of the E wave to the time when the extrapolated descent of the E wave intercepted the baseline. 13 The slope of deceleration was calculated as the peak E velocity divided by the deceleration time. As described previously, [7] [8] [9] [10] [11] the TEI index was obtained from the LV inflow and outflow velocities as the sum of the isovolumic contraction and relaxation time divided by ejection time (Fig 1) . Five consecutive cardiac cycles were measured and averaged.
Definition of Normal and Pseudonormal/Restrictive Mitral Flow by Hemodynamic Measurements
Cardiac catheterization was performed after administration of light sedation. A 7F fluid-filled catheter was placed in the base of the LV from the right femoral approach. The fluid-filled pressure was balanced and calibrated with the external pressure transducer positioned at the midaxillary level. All recordings were performed before the injection of contrast agent. LV mid-diastolic pressure, expressing an approximate mean left atrial pressure, was measured at the onset of atrial contraction. 14 LV end-diastolic pressure was also measured at the nadir of the atrial contraction wave before the onset of the rapid systolic pressure rise. If no clear atrial contraction wave was found, it was measured at the point 50 ms after the onset of the QRS complex on the electrocardiogram (ECG). Patients with normal and abnormally elevated mid-diastolic LV pressure (>12 mmHg) 15 were defined as having normal and pseudonormal/restrictive mitral flow, respectively.
Reproducibility
Two independent observers repeated 10 measurements of the TEI index. The differences in the measurements by the 2 observers were obtained to express inter-observer variability. The same observer repeated the 10 measurements, and intra-observer variability was also calculated.
Statistical Analysis
Continuous numerous variables are expressed as mean values ± SD. Differences in variables between 2 groups were assessed by unpaired Student's t-test. The relation between continuous variables were evaluated by simple linear regression analysis. The diagnostic utility of the functional variables by Doppler echocardiography was compared through receiver-operating characteristic (ROC) curves. Results are expressed in terms of the area under the curve (AUC) and 95% confidence interval for this area. Categorical variables were compared with 2 test. A p value < 0.05 was considered statistically significant.
Results

Hemodynamic and Echocardiographic Findings
The clinical, hemodynamic, and echocardiographic findings are summarized in Table 1 , 2. There were 22 patients with normal mitral flow and 11 with pseudonormal/restrictive flow with mid-diastolic LV pressure >12 mmHg. Patients with pseudonormal/restrictive flow had increased LV and left atrial size, reduction in the LV ejection fraction, and increased mitral E velocity and TEI index. LV mid-diastolic pressure was also greater in those with pseudonormal/restrictive flow by definition.
Differentiation of Pseudonormal/Restrictive From Normal Mitral Flow
Most of the indices of LV function showed significant correlations with LV mid-diastolic pressure (Table 3) and of the indices, the TEI index showed the best correlation with LV mid-diastolic pressure (Fig 2, Table 3 ). The ROC analysis of the diagnosis of pseudonormal/restrictive mitral flow is summarized in Table 4 . TEI index achieved maximal AUC and highest diagnostic accuracy.
Reproducibility of Measurements
The inter-and intra-observer variability for the measurement of the TEI index was 0.020±0.002 or 3.2±0.3% and 0.016±0.004 or 2.5±0.6% of the mean value, respectively.
Discussion
Differentiation of Normal From Pseudonormal/Restrictive Mitral Flow by TEI Index
Both systolic and diastolic dysfunction contribute to elevation of LV filling pressure, 16, 17 and the TEI index is a measure of combined systolic and diastolic LV function, [7] [8] [9] [10] [11] which explains why the index showed a better correlation with LV mid-diastolic pressure compared with other conventional indices of purely systolic or diastolic cardiac function. This better correlation resulted in the relatively high accuracy of the TEI index in diagnosing pseudonormal /restrictive mitral flow defined by elevated LV filling pressure.
Relation to Previous Studies
Greater mitral flow E/A, higher E velocity, and especially the shortened deceleration time of the E velocity are associated with heart failure symptoms and are reported to be good indices for predicting high LV filling pressure in patients with cardiac diseases. 13, [18] [19] [20] The utility of mitral deceleration time has been reported to be limited to patients with a LV ejection fraction <50%. 20 The lack of a significant correlation between mitral E deceleration time and LV filling pressure in the present study simply suggests that many patients with good LV systolic function were included in this study, so the results are consistent with those of the previous study. 20 In addition to the deceleration time of E velocity, there are several noninvasive measures or indices of LV filling pressure. Deceleration time or % systolic fraction of pulmonary venous flow has been reported as better than that of mitral flow in estimating LV filling pressure. 21, 22 The difference between pulmonary venous and mitral flow duration by atrial contraction was also useful in predicting a large LV filling pressure rise at atrial systole. 23 The propagation velocity of mitral flow by color M-mode Doppler 24, 25 and mitral annular velocity by tissue Doppler echocardiography 26 have been reported as relatively preload-independent measures of LV relaxation. The combination of standard pulsed Doppler with these techniques allows better estimation of LV filling pressure 14,27-29 and patient prognosis. 30 Therefore, there have been several studies demonstrating the feasibility of noninvasive techniques for estimating LV filling pressure and thereby differentiation of normal from pseudonormal/restrictive mitral flow. The present study demonstrated a feasible differentiation of normal from pseudonormal/restrictive mitral flow using the TEI index, which requires only transmitral and aortic flow velocity recording by routine pulsed Doppler echocardiography.
There have been several studies reporting the clinical utility of the TEI index. LV positive and negative dP/dt can be noninvasively evaluated by TEI index. 8 TEI index is not greatly influenced by changes in heart rate, preload, or blood pressure. 10, 31, 32 Prognostic information can be obtained in patients with cardiac amyloidosis, 9 dilated cardiomyopathy, 33 primary pulmonary hypertension, 34 and acute myocardial infarction. 35, 36 Of interest is that a TEI index >0.65 or similar value, which was used to identify pseudonormal /restrictive flow in the present study, was also identified as the cut-off point for indicating higher risk of cardiac death or congestive heart failure in other studies. 35, 37 The TEI index is a useful tool for differentiating patients with and without congestive heart failure. 10 It has also been shown that TEI index significantly correlates with LV filling pressure. 10 The present study further demonstrated the clinical utility of TEI index in differentiating normal from pseudonormal/restrictive mitral flow.
Study Limitations
Doppler studies were performed within 24 h before the catheterization study, so were not simultaneously performed. Mitral flow velocity patterns as well as LV filling pressures can vary in response to changes in the patients condition and medication. However, all patients remained stable during the echocardiographic and catheterization studies, which suggests that the influence of non-simultaneous recording on the correlation between filling pressures and functional variables may not be significant. A significant but relatively loose correlation between the TEI index and LV filling pressure has been previously demonstrated (r 2 = 0.21), 10 but was stronger in the present study (r 2 = 0.63). The better correlation was observed in patients with mitral flow E/A ≥1. Therefore, we also evaluated the correlation between the TEI index and LV filling pressure in different patients with mitral E/A <1 and there was no significant correlation (Fig 2, 3) . The correlation between the TEI index and LV filling pressures in all patients was significant but only fair with r 2 values of 0.26 or 0.27, comparable to the findings in the previous study. 10 It is suggested that patients with mitral E/A <1, which can be caused by reduction in preload, 2,3 may frequently have reduced preload, shown as patients with normal LV filling pressure and TEI index ≥0.65 in Fig 2, 3 . Reduced preload can potentially cause a discrepancy between LV function and its filling pressure, such as severe dysfunction with normal filling pressure, which may result in the lack of a significant correlation between the TEI index and the filling pressure. Therefore, it is suggested that the good correlation between the TEI index and LV filling pressure in patients with mitral flow E/A ≥1 was due to exclusion of patients with a discrepancy between LV function and filling pressure. In general, the TEI index is relatively independent of preload or afterload and shows only a loose correlation with LV filling pressure, as previously reported. 10, 31, 32 The contributions of isovolumic contraction time, ejection time, and isovolumic relaxation time to the significant correlation between the TEI index and LV filling pressure are also important, but were not analysed because of the frequent noise on the ECG. Nevertheless, the purpose of this study was achieved by demonstrating the ability of the TEI index to differentiate normal from pseudonormal /restrictive mitral flow.
Differentiation of normal from pseudonormal/restrictive mitral flow is especially important in patients with preserved LV ejection fraction, because mitral E/A >1 indicates pseudonormal/restrictive flow in patients with an impaired ejection fraction. 20 However, we did not perform that analysis because of the small number of patients in the present study. It is also important to evaluate the utility of TEI index in comparison with other methods. 23, 25 However, the definition of pseudonormal/restrictive flow or studied subjects vary between investigations and further studies using a large number of patients are required.
Conclusions
The TEI index, combining systolic and diastolic function, allows noninvasive and practical differentiation of pseudonormal/restrictive from normal mitral flow.
